International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:6, No:10, 2012

Hypoglycemic Activity of Water Soluble
Polysaccharides of Yam (Dioscorea hispida
Dents) Prepared by Aqueous, Papain, and

Tempeh Inoculum

Assisted Extractions

Teti Estiasih, Harijono, Weny Bekti Sunarharum,natRahmawa

Abstract—This research studied the hypoglycemic effect of Dioscorin is the major storage protein in yam amacfions

water soluble polysaccharide (WSP) extracted fr@am yDioscorea
hispida) tuber by three different methods: aquemdsction, papain
assisted extraction, and tempeh inoculums assistg@ction. The
two later extraction methods were aimed to remov&PW\binding
protein to have more pure WSP. The hypoglycemiwities were

evaluated by means in vivo test on alloxan indulegperglycemic
rats, glucose response test (GRT), in situ glucssorption test
using everted sac, and short chain fatty acids f&LBnalysis. All

yam WSP extracts exhibited ability to decreasedbigiacose level in
hyperglycemia condition as well as inhibited glueadsorption and
SCFA formation. The order of hypoglycemic activiias tempeh
inoculums assisted- >papain assisted- >aqueous &@&cts. GRT
and in situ glucose absorption test showed thagroad inhibition

was papain assisted- >tempeh inoculums assistegiiepas WSP
extracts. Digesta of caecum of yam WSP extraasfed rats had
more SCFA than control. Tempeh inoculums assist&PVeéxtract
exhibited the most significant hypoglycemic acivit

Keywords—hypoglycemic activity, papain, tempeh inoculums,

water soluble polysaccharides, yabigcorea hispida)

|. INTRODUCTION

HE genusDioscorea or yam, which includes 600 to 700

species, is widely distributed throughout the waojddl

against angiotensin, which converts enzyme to cause
hypertension [9]. Diosgenin is used in making psigemne
and other steroid drugs [10]. Recently, the biatabactivities

of the polysaccharides of yam have attracted isinga
attention in the biochemical and medical fields [8]

Water soluble polysaccharide of yam is a viscousilage
containing glycoprotein [1, 11, 12]. Yam contaiaslarge
amount of water-soluble mucilage [1]. It has beeported
that yam mucilage consists of glycoproteins and
polysaccharides such as mannan and cellulose 13, 1

Water soluble polysaccharides obioscorea batata
consisted of acetylated mannan [8], viscous pobfsaides
from wild yam consisted of mannose, arabinose, agac
galactose, xylose and rhamnose [15] that attribtiesbluble
dietary fiber, meanwhile polysaccharides d@ioscorea
opposite Thunb consisted mainly of mannose, and also
contained uronic acid [16].

A high dietary fiber intake is emphasized in the
recommendations of most diabetes and nutritional
associations. It is accepted that viscous and ayetifig
properties of soluble dietary fiber inhibit macrament
absorption and reduce postprandial glucose respdtinse
associated with reduced diabetes risk [17]. Colonic

Dioscorea hispida or locally known as “gadung” is one of thefermentation of dietary fiber produces short chiaitty acids
Dioscoreaceae family, a family of creep plants that contains(SCFAs) such as acetate, propionate, and butyra. [

several bioactive compoundsDioscoreaceae (D. alata, D.
batatas, D. bulbilfera, D. opposita) has health beneficial
compounds such as dioscorin [2, 3, 4], diosgenji6[¥], and
water soluble polysaccharides (WSP) [8].
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Various short-chain fatty acids formed during fentagion
depended on the specific carbohydrate as substaatk had
differences in physiological effects [19]. Somedsts showed
that WSP had hypoglycemic effect such as WSP.
Nevertheless, there is no study to examine hypeghyc
activity of WSP fromDioscorea hispida tuber.

However, WSP of yam usually binds to protein and th
existence of this protein is supposed to reduce the
hypoglycemic activity. For this reason, we studigulee
extraction methods, namely aqueous, papain assisied
tempeh inoculums assisted extraction to obtain erWSP
extract fromDioscorea hispida. The two later methods were
aimed to partially remove protein from WSP. Papiaira
proteolytic enzyme from papaya tree latex and wideled in
food processing to hydrolyze protein. Meanwhilempeh
inoculums consist of proteolytic microbespergillus oryzae
andRhizopus oligosporus that are supposed to hydrolyze WSP
binding protein oDioscorea hispida.

Tempeh is an Indonesian traditional fermented saytibat
involved proteolytic activity of these two molds rihg
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fermentation. Although proteolytic activities ofpain and
tempeh inoculums were not specific, applying bothrirdy
WSP extraction was supposed to get more pure W8Pare
more significant effect on hypoglycemic activities.

Il. MATERIALS AND METHODS
A. Materials
Mature yamDioscorea hispida tuber was obtained from

local farmers, commercial crude papain and comrakrci
tempeh inoculums were from local market. Otheremials
were SCFA standards, sugar standards (Sigma Gmnical
reagent (analytical grade), alloxan monohydrate r@ide

glucose GOD FS, AIN 93M diet [20], white ratRaftus

[20] that consisted of 62.0692% maize starch, 14%éein,
10% sucrose, 4% soybean oil, 5% carboxgthyl cellulose
(CMC), 3.5% AIN mineral mix, 0.18% L-cystine, 1.08N
vitamin mix, 0.25% choline bitartrate, and 0.0008% TBHQ.
Yam WSB was fed orally for 28 weeks with dose 0040
mg/kg body weight. All rat groups were induced
intraperitoneally to be hyperglycemia by alloxan B8@®/g
body weight 3 days before treatment. Only rats viitood
glucose level of >126 mg/dL were used in this
experiment.Every week, blood was taken retro oriptexus
after 16 hours fasting and analyzed for post-prniiood
glucose level. Blood sample was centrifuged a04@®n and
the supernatant was analyzed for blood glucosel Ithat
referred to glucose oxidase method [24]. This erpent

novergicus) Wistar strain 2-3 month old and body weight Ofprocedure had been approved for ethical clearance f

131-239 g.
B. WSP Extractions

WSP extraction was conducted with three different Four group (control, treated by aqueous-,

methods, those were aqueous, papain assisted, eamget
inoculums assisted extraction [21]. The prepanatmobtain
tuber slurry was done in similar way. Yam tubersveeeled
and blanched by steaming, and then the tuber washed
with water to get tuber slurry. The tuber slurrgsasieved by
sieving cloth and filtrate was added by papain papain
assisted extraction method, or tempeh inoculumgdompeh
assisted extraction method. Meanwhile, agueousa&idn
method was performed without any addition. Thidie was

Veterinary Department — University of Brawijaya.

D.Glucose Response Test

papasisiEsl-,
and tempeh inoculums assisted-WSP extracts) of
consisted of 3 normal rats were adapted to AIN 98kt for
3 days. Before blood withdrawn, rats were fastedl6 hours
and each rat was force fed by glucose at dosegfk@ body
weight and WSP extracts of 400 mg/kg body weightisT
procedure followed method of Xie et al. [25] witlonse
modification. Serum glucose concentration was yeeal at
minutes 0, 30, 60, 90, and 120 after oral feedihglocose
and WSP extracts.

rats

incubated at 5% for papain assisted extraction, meanwhile )
aqueous and tempeh inoculums assisted extracticere w E.In Stu Glucose Absorption Test

performed at ambient temperature. Starch separatias
performed by centrifugation. Then, WSP was coagdldy
solvent and dried in cabinet dryer. All WSP extsawere
analyzed including free sugar composition by HPp&tein
by Kjedahl method, crude fiber, amylose accordm@OAC
methods [22], relative viscosity at concentratioh 100
mg/100 mL at ambient temperature, and yield. Frebier
was analyzed for proximate, amylose, and HCN cdnten

Sugar analysis of polysaccharides was conducted
followed: About 10 g of WSP extracts was added b
acetonitrile 80% and stirred until homogeneousis Boblution
was filtered by filter paper and evaporated to 1 efvolume,
and then filtered by millex 0.4pm. Analysis was performed
using sugar pack column at flow rate of 0.6 mL/air65C,
water as eluting solvent with refractive index debe.

C. Hypoglycemic Activity Assay

Hypoglycemic activity assay was referred to mettaid
Ruzaidi et al. [23]. This experiment used 24 whitis Rattus
novergicus) strain Wistar. These rats were housed collelgtive
at 20-25°C and were fed by AIN 93-M standard fegdid
libitum. Before experiment, the rats were adapted foeekw
The treatment was conducted for 4 weeks. The wai®
weighed every 3 days, and glucose blood level watyaed
every weeks.

Rats were divided into 4 groups, 3 groups weretécbay
three types of WSP extracts and one group wasalonfach
group consisted of 6 rats. The feed was refewedll 93 M

At day 33th of experiment, rats were anesthetized gut
was withdrawn and reversed. Everted sac was inedeas
WSP extract concentration of 10% and glucose cdneation
of 20%. Glucose absorption test was performed itute
containing WSP extract, glucose, and everted
Physiological salt was poured into inner cavityewérted sac.

The tube was placed at water bath shaker that have
temperature of 36°C. Solution from inner everted svas
i@ken every 10 minutes at minutes 10, 20, 30, &dGlucose
goncentration of solution was analyzed by Nelsom&gyi
method.

F.SCFA Analysis

During surgical, caecum was taken and digesta was
withdrawn for SCFA analysis. Digesta was centréfdigat
14000 rpm for 15 minutes. Supernatant gfL1was injected
into gas chromatography (GC Shimadzu Seri GC 8jh wi
column GP 1200 1% HPP30 on chromosorb waw 2 m in
length, column temperature of 1) injector and detector
temperature of 23€. Carrier gas was MNwith pressure of
1.25 kg/cn.

sac.

G.Data Analysis

Data was analyzed using analysis of variance irtedes
experimental design, followed by Duncan Multiple nga
Test.
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TABLE |
CHARACTERISTICSOF FRESH YAM (Dioscorea hispida) AND WATER SoLUBLE POLYSACCHARIDE (WSP) EXTRACTS OF YAM

Components Fresh Aqueous Papain Assisted WSP  Tempeh Inoculum Assisted
yam WSP Extract Extract WSP Extract

Yield (% db) n.a. 9.15 12.02 11.05
Amylose (% db) 0.64 18 32 28
Protein (% db) 1.25 1.97 2.33 121
Crude Fiber (% db) 4.04 1.49 1.42 0.72
Free sugar
* Glucose (ppm) n.a. 101.10 840.29 1924.62
* Mannose (ppm) n.a. 109.91 872.14 344.08
Water (% db) 80.23 n.a. n.a. n.a.
Ash (% db) 2.70 n.a. n.a. n.a.
Fat (% db) 0.57 n.a. n.a. n.a.
Carbohydratekfy difference, % db) 20.18 n.a. n.a. n.a.
Viscosity (cps) n.a. 0.096 0.094 0.094
HCN (ppm) 19.81 16.06 2.29 6.88

n.a.=not analyzed

Ill.  RESULTS ANDDISCUSSION:

A. Characteristics of Yam WSP Extracts

Characteristics of fresh yam tuber and all WSP agex$
were shown at Table 1. WSP extract yield was aB-12%
that higher than the yield of GembilDipscorea esculenta)
WSP (3-5%) [26] Enzyme and microbial assisted extrac
usingpapain and tempeh inoculum slightly increased takl'
that it was supposed due to partially removing @R\binding
protein.

Amylose content of WSP extracts was higher thashi
yam tuber. Amylose was an impurity in WSP extra
Dioscorea starch hagelatinization temperature of -79°C
[27] that during incubation at temperature of°C at papain
asisited ESP extractiospme starch granules were suppc
to gelatinize that increase their solubility and mse
concomitantly coagulated during WSP setion by
coagulation. Protein content of WSP extracts wegkér thar
that of fresh yam except tempeh inoculums assi¥u#sRP
extract. Protein in yam is glycoprotein that binds t
polysaccharides.

During WSP extraction, protein was concomital
extraced. It was expected that applying papain and tér
inoculums during WSP extraction resulted more pusP
extract including lower protein content.

Papain is a proteolytic enzyme that expected taigilsr
hydrolyze WSP binding protein, however higherotein
content in papain assisted extracts compared $b fram wa
supposed to relate to papain contamination of W@RA&.

Meanwhile, tempeh inoculums assisted WSP extradt
slightly lower protein content than others due totgolytic
activity of tempeh molds although the decrease of prc
content was not significant. Mold growth duringrfemtatior
produced biomass that contained prot[28]. The lowest
crude fiber was found in tempeh inoculums assidté¢sP
extract.

Tempeh inoculums beside haoeolytic activity also ha
amylolytic and cellulolytic activity{29, 20] Previous study
showed thaRhizopus oligosporus, one of tempeh inoculun
mold, decreased crude fiber in rapeseed [31]. Free sugar
of WSP extract consisted of glucose ancnnose. Fuet al.
[11] reported that mucilage @ioscorea species of Keelung

and Hualien No. 3 comprised of mann (93.0-95.40%),
meanwhile glucose, galactose, dnose, and xylose were
lower than 5%. Viscosity of all of WSP extracts smvaot
significartly different. Slightly lower viscosity of papa
assisted and tempeh inoculum assisted WSP extras
supposed due to partially liberation of protein. ya@ide
(HCN) content decreased that due tlubility of free cyanide
in the water during extracti. The lowest cyanide content
was found at papain assisted WSP extract. Appliigger
temperature of 5% during incubation in extraction proce
might contribute to HCN vaporizatic

B. Hypoglycemic Activity of Yam WSP Extracts

Yam WSP extracts had hyglycemic activity that indicated
by decreasing blood glucose level. Sharp decreastood
glucose level was found in tempeh iulums assisted WSP
extract, followed by papain assisted Wxtract and aqueous
extract (Fig. 1).

* 2143024385

——e1453

Blood Glucose Level(mg/dL)

Week

Fig. 1 Blood glucoskevel of rats treated by aqueous WSP exi
(m), papain assisted WSP extreA), and tempeh inoculum assisted

WSP extract (Xcompared to untreated/control groi®)

After three weeks treatment, hyperglycemic rats maanal
blood glucose level for treatment by papain as3idaéSP
extract and tempe inoculums assisted WSP extre
meanwhile aqueous WSP extract did not reach nobhoald
glucose level for 4 weeks treatmel

Dietary fiber could decrease postprandial glucoseabst
their viscous and gel forming properties that iithi
macronutrient absorptiofil7]. Gel structure was able to
entrap glucose and other nutrient that slowed dabgorption
However, there is no significant viscosity diffecen(Tablel)
of all WSP extracts.

933



International Journal of Biological, Life and Agricultural Sciences

ISSN: 2415-6612
Vol:6, No:10, 2012

100 4 94.18 &-05.30 , 9564

49564 24 52

£ g4 I 4
8535 85-9% 86:58 8624

85.80
50 -

Blood Glucose Level (mg/dL)

0 30 60 90 120

Minute

@)

Reducing Sugar (%)
»
\ AN

0 10 20 30 40 50

Minute

(b)

Fig. 2 Glucose absorption inhibition in glucosepasse test (a) arin situ glucose absorption using everted sacAqueous WSP extraca],
papain assisted WSP extradt), tempeh inoculum assisted WSP extract 8 untreated/control grou+)

Viscosity analysis was conducted at room temperature
the condition was differento that found in digestive trac
Other mechanism might be responsible to blood gleidevel
decline after yam WSP extracts feeding.

The purity of extract might contribute to the alyilof yam
WSP extract in decreasing blood glucose leWe supposed
that actually protein bound WSP entpeh inoculums assist
WSP extract wathe lowest, followed by papain ated WSP
extract. Both were more effective in decreasingdlglucose
level than aqueous WSP extract.

It was interesting that tempeh inoculums assiste8P
extract had the highest ability in decreasing blapdcose
level. In accordance, fermentation diiGese yamDioscorea
batatas Decne) flour by Lactobacillus acidophilus,
Sreptococcus thermophilus, and Bifidobacterium bifidus
improved postprandial glucose [32]Acidic hydrolysis of
water soluble polysaccharides Tifemella aurentia decreased
glucoseplasma level due to formation of bioactive compa
[33].

Bioactive compounds formation such as aglyc
isoflavones during tempeh fermentation depended tra
substrates [34] Bioactive compounds iiDioscorea were
dioscorin [2, 3, 4], diosgenin [5, 6,,7and WSF[8]. It was
supposed that bioactive formation occurred duriampel
assisted WSP extraction that contributed to blobgtage
level decline Yam tuber contains diosgenin, a stero
saponin that undergoes transformation into sapag[35].
Saponin in fenugreekT(igonella foenum) could decrease
blood glucose level [36] Fermentation oDioscorea by red
mold Monascus purpureus NTU 568 resulted in more pote
hypocholesterolaemic effect that supposed to bioactive
formationmonacolin K [37]. Mc Cue et al. [38] reported th
all of the soybean extracts possessed markeamylase
activity, with extracts oR. oligosporus-bioprocessed soybe:
having the strongest inhibitory activity, but orglight ant-
glucosidase activity.

There was asynergistic effect of tempeh inoculums ¢
soybean as a substrate in hypoglycemic activityende, i
was possible that during tempeh inoculums assisusP
extraction of yam Dioscorea hispida some bioactive
compounds formed and contributed to hypoglyic activity.
This needed further research.

C. Glucose Response and In Stu Glucose Absorption
Inhibition
Glucose response test showed that yam WSP extrag

able to inhibit glucose absorption. This test rése
absorption after glucose ingestion. cose absorption
inhibiton was in order of papain assisted W

extract>tempeh inoculums assisted WSP extract>arq
WSP extract (Fig. 2a). Sharp rise in glucose blevel after
glucose ingestion was found in untreated or comatsl group.
Similar results were found irin situ absorption test by using
everted sac (Fig. 2b). Both methods indicated aga
absorption although both had differences. Glucaspaons:
test revealed glucose absorption inhibition in diye tract
and it did not indicate theffect of yam WSP extract in lol
time consumption such as SCFA formation. Meanwin
situ glucose absorption test showed the ability to il
glucose absorption pass through intest

Papain assisted WSP extract showed the highediitiohi
of glucose absorption either in GRT and in situ absonptest
(Fig. 2ab). This was supposed due to the puritpu8P
extract. More pure WSP extract, impurities thatuld
interference polysaccharides action in glucose rgtisn
inhibition was lower. Papaiis a proteolytic enzyme that w
supposed, to some extent, partially hydrolyze W&#rlibg
protein. Similar reason was applied to tempeh uhons
assisted WSP extract, although its glucose absor
inhibition was lower compared to papain assisted P
extract.

It was supposed that glucose absorption inhibitveas
related to viscosity of WSP extracts, although edtract
showed almost similar viscosity. Weak gel formataf yam
WSP extract contributed to glucose absorption itibit
Viscosity in digestive tract of each extract might be différe
It was indicated by significant effect of types @ftract or
glucose absorption inhibitiona=0.05) meanwhilein situ
glucose absorption inhibition was not affected bgRvextrac
types. Type of posaccharides affected inhibition of glucc
absorption. Polysaccharides of yam WSP mainly isted of
glucose and mannose or glucomannan. PreviouskaGkul
et al. [39] showed thatlgcomannan taken before performi
the oral glucose tolerandest cin lower the rise of blood
glucose.
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Similarly, Vuksan et al. [40§howed thaglucomannan fiber
added to conventional treatment may ameliorate eghyc
control.

Dietary fiber decreases nutrition diffusion for atygtion by
intestinal mucosa thus decreabésod glucose level. Solub
dietary fiber was able to form gel in the existenfevater in
intestines. Gel formation slowed down the gastrigptying,
fastened transit time, and controlled nutritionapson. This
affected glucose absorption and agynic index of foor
products [18]. Previous research [4howed that intake ¢
diet containing cotton dietary fiber for diabetiatignts
resulted in lower rise of glucose compared to nottoo
dietary fiber diet. Also, dietary fiber shortengdnsit time
and bulk feces weight.

Furthermore, Madar et al. [4ljevealed thatphysical
properties of dietary fiber affected its ability iglucose
absorption inhibition. Tempeh inoculum assistedPAéKtrac
might be have different physical properties to pn assisted
WSP extract. Tempeh inoculum contaAspergillus oryzae
and Rhizopus oligosporus that has proteolytic activity, as wt
as amylolytic and cellulolytic activities [29, 30[Some WSF
could be hydrolyzed by cellulolytic activity of tgmeh
inoculums. Thereforephysical properties of this soluk
dietary fiber might be change that caused lowercaga
absorption inhibition than papain assisted WSPaek

D.Short Chain Fatty Acids

Not all the carbohydrate in the diet is digested absorbet
in the small intestine, and a significant portion\asi in the
large bowel, where it is fermented by bacteria radty
present [18].Dietary fiber could influence metabolism a
SCFA production in colon [42Because fermentation in tl
hindgut may be elated several hours after feeding, SC
may be involved in the longéerm feeling of satiety [43
Types of WSP extracts produced different compasitid
caecum SCFA (Fig. 3)n general, caecum of untreated |
had lower SFCA concentration then WSFtracts fed rats
except aqueous WSP extract. Papain assisted WS#&ct
had the lowest SCFA concentration. This extract
supposed to be more pure than tempeh inoculumsted
WSP extract. Tempeh inoculums might be partiajigrblyze
yam WSP due teellulolytic acitivity. Meanwhile, in papai
assisted WSP extraction, papain hydrolyze onlygimotThe
purity of WSP extract perhaps affected ability twive in
large bowel and fermentability in colon.

Certain indigestible oligosaccharides may bet to
gastrointestinal tract health via fermentation @ndliferation
of desirable bacterial species.Type of oligosaccharides
influenced SCFA production [44] hysicochemical propertie
of dietary fibers (DF) may influence their fermeiua
characterists [45]. The physiological effects of the
carbohydrates depend upon several factors includhe
extent of colonic fermentation and the fermentatwaducts
formed [46, 47]. The end products of colonic fertagnn are
SCFA and gases (GOCH,, and H) [45].

Mannose and glucose were the main sugar coumpafr
yam polysaccharides (Table IGlucomannan is one
fermentable polysaccharides [48].

25 +

23.43

M acetate

O butyrate

SCFA Concentration (mM)

[ propionate

control tempeh

inoculum

agueous papain

WSP Extract
Fig. 3Short chain fatty acids of caecum digesta of radistly WSF
extract:

Chen et al. [49]showe( that fermentation of konjac
glucomannan resulted in greater fecal acetate,iqmape anc
butyrate concentrations and lower fecal pHPredominant
SCFA in caecum digesta was acetate, followed byrbte
and propionate. According to Lunn and Buttriss [14ll of
these three SCFAs was predominant SCFA in ct
Concentration of each SCFA was vary depending
fermented polysaccharides. In general, acetate tha
highest abundance SCFA in digestivact, and butyrate was
the lowest. This research showthat Dioscorea hispida or
yam WSP produced more butyrate rather than profgol
SCFA production is beneficial to health becauseeofucing
hepatic glucose production [.. Furthermore, increasing
SCFA concentration irvena portaactivates hepatic AMPK
(activated protein kinase). APMK has a function to regula
energy production in cells and metabolic homeas
regulation [50].

Nevertheles, not only fermentabililty of WSP cobtiied to
blood glucose level reduction, but also some médialeffects
suchas insulin sensitivity, hormone secretion modutatio
digestive tracts, and other various related meisind17].

IV. CONCLUSIONS

WSP from Dioscorea hispida was hypoglycemic
polysaccharides that able to reduce blood glucesel lin
hyperglycemia conditie. Mechanisms of blood glucose le
decline were glucose absorption inhibition and SC
formation.

Extraction methods in WSP extract preparation &die
blood glucose leveteductior. Tempeh inoculums assisted
WSP extract had highest activity in reing blood glucose
level, meanwhile the highest glucose absorptioibitibn was
found in papain assisted WSP extract. It was ssggbdha
there was a synergisrhetween WSP extract antempeh
inoculums in reducing blood glucose le\

ACKNOWLEDGEMENT
We thank to Directorate General of Higher Educe,
Ministry of Education and Culture for National Ritg
Competitive Research Grant Batch | 2009 and Mryérito
for technical assistanceiin vivo andin situ analysis.

935



(1]

[2]

(3]

[4]

(5]

[6]
(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

International Journal of Biological,

Life and Agricultural Sciences

ISSN: 2415-6612
Vol:6, No:10, 2012

REFERENCES
T. Myoda, Y. Matsuda, T. Suzuki, T. Nakagawa, T.ghia and T.
Nagashima, “ldentification of soluble proteins aideraction with
mannan in mucilage oDioscorea opposite Thunb. (Chinese yam
tuber)”,Food Sci Technol Res, vol. 12, no. 4, pp 299-302, 2006.
C.W. Hou, M.H Lee, H.J. Chen, W.L. Liang, C.H. HdhW. Liu, and
Y.H. Lin, “Antioxidant activities of dioscorin, thstorage protein of yam
(Dioscorea batatas Decne) tuber”,J Agric Food Chem, vol. 49, pp
4956-4960, 2001.
Y.W. Liu, H.F. Shang, C.K. Wang, F.L. Hsu, and WJou,
"Immunomodulatory activity of dioscorin, the stoeagrotein of yam
(Dioscorea alata cv. Tainong no.1) tuberFood and Chem Toxicol, vol.
45, pp 2312-2318, 2007.
Y.C. Chan, C.K. Hsu, M.F. Wang, J.W. Liao, and TSq, “Beneficial
effect of yam on the amyloi@-protein, monoamine oxidase B and [25]
cognitive deficit in mice with accelerated senesegnJSci Food Agric,
vol. 86, pp 1517-1525, 2006
S.T. Chou, B.H. Chiang, Y.C. Chung, P.C. Chen,@nd Hsu, “Effects
of storage temperatures on the antioxidative dgtemd composition of
yam”, Food Chem, vol. 98, pp 618-623, 2006.
L. Braun, “Wild yamDioscorea sp. Complementary Medicine”, vol. 7,
no. 2, pp 40-42, 2008.
D.J. Yang and J.T. Lin, “Effects of different stgeaconditions on
steroidal saponins in yamDioscorea pseudojaponica Yamamoto)
tubers”,Food Chem, vol. 110, pp 670-677, 2008.
Y.M. Liu, and K.W. Lin, “Antioxidative ability, digcorin stability, and
the quality of yam chips from various yam specias affected by
processing methodJ Food i, vol. 74, no. 2, pp C118-C125, 2009.
F.H. Hsu, Y.H. Lin, M.H. Lee, C.L. Lin, and W.C. Hp “Both
dioscorin, the tuber storage protein of yabioscorea alata cv. Tainong
No. 1), and its peptic hydrolysates exhibited ategisin converting
enzyme inhibitory activities”J Agric Food Chem, vol. 50, no. 21, pp
6109-6113, 2002.
D.T. Zava, C.M. Dollbaum, and M. Blen, M. “Estrogand progestin
bioactivity of foods, herbs, and spice&toc. Soc. Exp. Biol. Med., vol.
217, pp 369-378, 1998.
Y. Fu, L.A. Ferng, and P. Huang, “Quantitative gs@ of allantoin and
allantoic acid in yam tuber, mucilage, skin andobubf the Dioscorea
species”Food Chem, vol. 94, pp 541-549, 2006.
Y. Ohizumi, M. Gaidamashvili, S. Ohwada, K. MatsudaKominami,
N. Sachiko, J. Hirabayashi, T. Naganuma, T. Oganed, K. Muramoto,
“Mannose-binding lectin from yamD{oscorea batatas) tubers with
insecticidal properties againdtielicoverpa armigera (Lepidoptera:
Noctuidae)”, J Agric Food Chem, vol. 57, pp 2896—2902, 2009.
M. Tsukui, T. Nagashima, H. Sato, and T. Kozimaletiophoretic
analysis of glycoprotein from yamDioscorea opposite Thunb.)
mucilage”,J Food Preservation Sci, vol. 25, pp 283-286, 1999a.
M. Tsukui, T. Nagashima, H. Sato, T. Kozima, and Wanimura,
“Characterization of yamD{oscorea opposita Thunb.) mucilage and
polysaccharide with different varieties,Jpn Soc Food Sci Technol,
vol. 46, pp 575-580, 1999b.
Wu RT, “Polysaccharide extract of Dioscorea sp andorally active
pharmaceutical composition comprising the same”tefa US
20050196479A1, 2005.
Y. Uno, S. Hashidume, O. Kurita, T. Fujiwara, and Komura,
“Dioscorea opposite Thunb. a mannosiadse belongs to the glycosyl
hydrolase family 38", Acta Physiologiae Plantarum, vol. 32, pp 713-
718, 2010.
M.O. Weickert and A.F.H. Pfeiffer, “Metabolic effiscof dietary fiber
consumptionand prevention of diabete¥Nutr, vol. 138, pp 439-442,
2008.
J. Lunn and J.L. Buttriss, “Carbohydrates and dyeféore”, Nutrition
Bulletin, vol. 32, pp 21-64, 2007.
C.A. Edwards and I.R. Rowland, “Bacterial fermeiotatin the colon
and its measurement. In: Schweizer TF, Edwardse@a, Dietary fibre-
a component of food. Nutritional function in headthd disease. London:
Springer-Verlag, 119-50, 1992.
P.G. Reeves, F.H. Nilson, and G.C. Fahey, “Purifled for laboratory
rodents: final report of the American InstituteNaftrition ad hoc writing
committee on the reformulation of AIN-76 a rodemgty J Nutr, vol.
123, pp 1939-1951, 1993.
Harijono, T. Estiasih, and W.B. Sunarharum, “Bidazpolysaccharides
extraction of gadung and gembili and their cappbifor diabetic
therapy and reducing cholesterol”, Report of NatlorPriority

[22]

[23]

[24]

[27]

[28]

[29]

(30]

[31]

[32]

[33]

[
2

[35]

[36]

[37]

[38]

[39]

[40]

Competitive Research Grant Batch I.
Brawijaya, Malang, Indonesia, 2009.
AOAC [Association of official Analytical Chemist]\Official Methods
of Analysis. Association of Official Analytical Chasts.AOAC,
Washington DC, USA, 1990.

A. Ruzaidi, A. Maleyki, I. Amin, A.G. Nawalyah, HMuhajir,
M.B.S.M.J. Pauliena, and M.S. Muskinah MS, “Hypaglgmic
properties of Malaysian cocodlHeobroma Cacao) polyphenols-rich
extract”, International Food Research Journal, vol. 15, no. 3, pp 305-
312, 2008.

Y. Zhao, Y.O. Son, S.S. Kim, Y.S. Jang, and J.@&, LAntioxidant and
anti-hyperglycemic activity of polysaccharide igeth fromDendrobium
chrysotoxum LindI”, J of Biochemistry and Molecular Biology, vol. 40,
no. 5, pp 670-677, 2007.

J.T. Xie, J.A. Wu, S. Mehendale, H.H. Aung, and.Cy8an “Anti-
hyperglycemic effect of the polysaccharides fractfoom American
ginseng berry extract in ob/ob micé®hytomedicine, vol. 11, pp 182-
187, 2004.

Harijono, T. Estiasih, W.B. Sunarharum, and [.Kuw8a,
“Hypoglycaemic effect of water soluble polysacctes extracted from
gembili (Dioscorea esculenta) by various methods”J Teknol dan
Industri Pangan, vol. XXIII, no. 1, pp 1-8, 2012.

C.K. Riley, A.O. Wheatly, and H.N. Asemota, “Physibemical
characterization of starches from Jamaican yaD®sforea spp.):
potential for pharmaceutical exploitation&uyr J Sci Res, vol. 15, no. 2,
pp 207-219, 2006.

D. Sumangat, B.S. Sembiring, and C. Winarti, “Bioegetion of cashew
nut fruits into microbial protein concentraiuletin TRO, vol. 14, no. 2,
pp 1-8, 2003.

A. Susilowati, Aspiyanto, S. Moerniati, and Y. Maty “Potency of
amino acids as savory fraction fromegetable broth of mung beans
(Phaseolus radiatus 1) through brine fermentation bighizopus-C1”,
Indo J Chem, vol. 9, no. 2, pp 339-346, 2009.

G.A. Youssef, “Physiological studies of cellulasemplex enzymes of
Aspergillus oryzae and characterization of carboxymethyl cellulase”,
African J Microbiol Res, vol. 5, no.11, pp 1311-132011.

G. Chiang, W.Q. Lu, X.S. Piao, J.K. Hu, L.M. Goragd P.A. Tracker,
“Beneficial effects oRhizopus oligosporus fermentation on reduction of
glucosinolates, fibre and phytic acid in rapeseBdasgsica napus)
Meal”, Asian-Aust J of Anim Sci vol. 23, no. 2, pp 263-271, 2010.

K.O. Shin, J.R. Jeon, J.S. Lee, J.Y. Kim, C.H. L88. Kim, Y.S. Yu,
and D.H. Nam, “Lactic acid fermentation of Chingsem (Dioscorea
batatas Decne) flour and its pharmacological effect ontigastestinal
function in rat model”Biotechnol and Bioprocess Eng, vol. 11, no. 3,
pp 240-244, 2006.

T. Kiho, M. Kochi, S. Usui, K. Hirano, K. Aizawa,nd T. Inakum,
“Antidiabetic effect of an acidic polysaccharideAf) from Tremella
aurantia and its degradation product (TAP-HBiol Pharm Bull, vol. 24,
no. 12, pp 1400-1403, 2001.

A. Mortensen, S.E. Kulling, H. Schwartz, I. Rowlar@E. Ruefer, G.
Rimbach, A. Cassidy, P. Magee, J. Millar, W.L. H&lB. Birkved, |.K.
Sorensen, AND G. Sontag, “Analytical and composiioaspects of
isoflavones in food and their biological effectsfol Nutr Food Res, vol
53, 2009.

J. Nifio, D.A. Jiménez, O.M. Mosquera, AND Y.M. Gaaf, “Diosgenin
quantification by HPLC in aioscorea polygonoidestuber collection
from Colombian flora” J Braz Chem Soc, vol 18, no. 5, pp 1073-1076,
2007.

Al-Habori and A. Raman, “Antidiabetic and hypochsirolaemic
effects of fenugreek’Phytother Res, vol. 12, pp 233-242, 1998.

C.L. Lee, H.K. Hung, J.J. Wang, and T.M. Pan, “lying the ratio of
monacolin K to citrinin production dMonascus purpureus NTU 568
underDioscorea medium through the mediation of pH value and ethan
addition”,J Agric Food Chem., vol. 16, pp 6493-6502, 2007.

P. McCue, Y.I. Kwon, and K. Shetty, “Anti-diabetiand anti-
hypertensive potential of sprouted and solid-stdti®processed
soybean”Asia Pac J Clin Nutr, vol. 14, no. 2, pp 145-152, 2005.

S. Chearskul, S. Sangurai, W. Nitiyanant, W. Kr&ngos, S.
Kooptiwut, and T. Harindhanavudhi, “Glycemic ampid responses to
glucomannan in Thais with type 2 diabetes mellitusMed Assoc Thai,
vol 90, no. 10, pp 2150-2156, 2007.

V. Vuksan, D.J. Jenkins, P. Spadafora, J.L. SieppempR. Owen, E.
Vidgen, F. Brighenti, R. Josse, L.A. Leiter, and BBuce-Thompson,
"Konjac-mannan (glucomannan) improves glycemia amdher
associated risk factors for coronary heart diséadgpe 2 diabetes. A

Research Gebversity of

936



International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:6, No:10, 2012

randomized controlled metabolic triaDjabetes Care, vol. 22, no. 6, pp
913-919, 1999.

[41] M. Madar, M. Nir, N. Trostler, and C. Norenberg ffé€ts of cottonseed
dietary fiber on metabolic parameters in diabedits and non-insulin-
dependent diabetic humangNutr, vol. 118, pp 1143 -1148, 1988.

[42] K. Marsman and M. McBurney, “Dietary fiber and shdnain fatty
acids affect cell proliferation and protein synisesn isolated rat
colonocytes”J Nutr, vol.126, pp 1429-1437, 1996.

[43] S. Robert, J.J. Matte, C. Farmer, C.L. Girard, &é. Martineau,
“High-fibre diets for sows: effects on stereotypasd adjunctive
drinking”, Appl. Anim. Behav. ci., vol. 37, pp 297-309, 1993.

[44] J.M. Campbell, G.C. Fahey Jr, and B.R. Wolf, “Stdcindigestible
oligosaccharides affect large bowel mass, cecal fandl short-chain
fatty acids, pH and microflora in ratsJ, Nutr, vol. 127, pp 130-136,
1997.

[45] AM. Henningsson, I,M.E. Bjorck, and E.M.G.L. Nyman
“Combinations of indigestible carbohydrates affgwort-chain fatty acid
formation in the hindgut of ratsJ. Nutr, vol.132, pp 3098-3104, 2002.

[46] J.H. Cummings and G.T. Macfarlane, “The control aodsequences of
bacterial fermentation in the human colod” Appl. Bacteriol, Vol. 70,
pp 443-459, 1991.

[47] W. Scheppach, "Effects of short chain fatty acidgyot morphology and
function” Gut, vol. 35 pp S35-S38, 1994.

[48] S. Albrecht, S.G.J. van Muiswinkel, H.A. ScholsGAl. Voragen, and
H.Gruppen H, “Introducing capillary electrophoresith laser-induced
fluorescence detection (CE-LIF) for the characaiin of konjac
glucomannan oligosaccharides and their in vitranéertation behavior”,
J. Agric. Food Chem, vol. 57, no. 9, pp 3867-3876, 2009.

[49] H.L. Chen, H.C. Cheng, W.T. Wu, Y.J. Liu, and S.Yiu,
“Supplementation of konjac glucomannan into a ldvef chinese diet
promoted bowel movement and improved colonic egologonstipated
adults: a placebo-controlled, diet-controlled trial Am Coll Nutr, vol.
27,no0. 1, pp 102-108, 2008.

[50] G.X. Hu, G.R. Chen, H. Xu, R.S. Ge, and J. Lin, tidation of the
AMP activated protein kinase by short-chain fattyda is the main
mechanism underlying the beneficial effect of ahhfiper diet on the
metabolic syndrome’Med Hypotheses, vol. 74, no. 1, pp 123-126,

937



